Stummiiilary. Excised pieces of vascular bundle and phloem tissue were allowed to accumulate radioactive phosphate and sulfate. and were then sectioned and autoradiographed so as to dctect the sites of accumulation. Special methods were needed to prevent any diffusion of the radioisotope. Some autoradiographs obtained are presented.
Stummiiilary. Excised pieces of vascular bundle and phloem tissue were allowed to accumulate radioactive phosphate and sulfate. and were then sectioned and autoradiographed so as to dctect the sites of accumulation. Special methods were needed to prevent any diffusion of the radioisotope. Some autoradiographs obtained are presented.
In excised celery vascular bundles, the most radioactive area and hence the most actively accumulating tissue was the young secondary phloem at the sides of the bundle. In intact plants, the same tissue was the most active in translocating. In excised apple phloem there was sorre variation in behavior, but again the young secondary phloem was generally the most actively accumulating tissue. Accumulation activities of individual cells in the phloem and vascular tissue were compared. It appeared that all cell types, ray, phloem and xylem parenchynma, cambial cells and sieve tubes. accumulated at least 5 times more actively than did the cortical parenchyma cells. The sieve tubes were among the most actively accumulating cells present, accumulating 20 times more activelv than the cortical parenchyma cells. It is concluded that accumultilationi processes have a primary role to play in the mlechlanlismli of phloem transport.
In the preceding paper (2) it has been demiionstrated that excised phloelll and vascular tissues take up solutes from external solutions by a true accumulative process, und(ler metabolic control. ani(l against high concenitratioln ratios. Phosphate, sulfate anld suicrose were each accumliulate(d up to 40 times faster than by comparable parenchyma tissues; and( sucrose takeni into the tissue stayed mainly in the forml of sucrose, the maj or translocatory carbohydrate.
These results stuggested that accumiiulationi mechanisn's were involved somehow in the phloem translocation process of the intact plant: to elucidate the role they might play, we require a knowledge of the sites of accumulation in the excised tissues. Shoul(d accumulation occur solely into phloem parenchvma cells for example, the role would probably be secondary, since most translocation is believed to take place via the sieve tntbes. However, if any considerable amount of the solute was being accumulated into the sieve tubes themselves, there would be good grounds for considering that anion and sugar accumulation processes could have a primary role to play in the phloem translocationi process.
An attempt has therefore been made to idenitify. by autoradiography. the cellular sites of accumilulationi in excised phloem and vascuilar tissues. Most of the accumulated material was water-soluble. and so special sectioning and autoradiographic techniques had to be developed so as to preserve cellular detail without causing redistribution of the radioactive material. Difficulties Sections were cut at 5, 10 and 20 u, in transverse section (TS), radial longitudinal section (RLS) and tangential longitudinal section (TLS), on a Cambridge microtome, on nonhumid days. Ribbons were either gathered on a large rubber bung that had previously been dusted with talcum then wiped clean, and mounted directly (by method I); or they were collected in vials which were kept over P,05 until the sections were required for mounting (by methods II and III).
Mounting and Autoradiographing Sections. In method I, the paraffin ribbon containing the sections was pressed onto the surface of the autoradiograph film, autoradiographed, then moistened to cause the sections to adhere to the film, and the film was then processed (10) . In method II, sections were freed of paraffin wax, stained, mounted in canada balsam, and autoradiograph film was laid over the top, exposed and processed. In method III, sections were dewaxed and stained, then laid directly on the surface of the autoradiograph film, autoradiographed, moistened and the film was processed.
The detailed procedure for method I is as follows: MIicroscope slides were cleaned in alcoholic KOH, and then dipped in 0.5 % gelatin + 0.05 % chrome alum, drained and dried. In a darkroom, 4 X 5 cm pieces of Kodak AR 10 stripping film were prepared and floated, emulsion side up, on water at 200. The pieces of film were collected, emulsion side out, on the coated glass slides, which were then dried in a warm air stream and stored in a light-tight cassette until required.
The paraffin ribbon on the rubber bung was warmed under an infrared lamp and eased with needles to allow it to stretch. In the darkroom a prepared slide was placed, emulsion side down, upon the ribbon, and then pressed to flatten and transfer the ribbon to the slide. Slides were held for 1 to . E S . . _ L : S r . ! . t i . 
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and swilled arounid to dissolve the wax; then the xylol was removed carefully with a Pasteur pipette, leaving the sections in the vial. A second xylol wash was given, and the sections were then either mounted directly, or else the sections were washed in absolute ethanol then stained for 30 minutes with 0.2 % fast green in absolute ethanol-clove oil (6: 4, v/v) alnd washed twice in absolute ethanol and twice in xvlol. This staining operation did not cause any detectable redistribution of radioactive material.
Sections were mounted in the following way. Sections, floating in xylol, were transferred with a wide bore dropper to a clean microscope slide, and excess xylol was removed with filter paper; then a drop of thin canada balsam was added. Sections were arranged with a needle, and a 2-cm square of 10 /A thick polythene film (Dow Handi-wrap), which had been presoaked in xylol, was laid over the balsam to form a cover slip. The thin balsam was spread by stroking the surface of the polythene with a square of filter paper. The slide was set aside for a day to dry (polythene is permeable to xylol) then excess balsam was scraped off and the polythene trimmed where necessary with a razor blade. The slide was wiped with a pad soaked in warm 0.5 % gelatin +-0.05 % chrome alum, was dipped in fresh solution, and set aside to drain and dry.
The slide was coated with stripping film in the conventional manner (film floated emulsion side down, and lifted out with the microscope slide so as to cover the sections) : though care was needed to settle the film tightly on the surface of the polythene.
Slides were dried, held for 5 to 40 days, developed and fixed. The stripping film stuck sufficienitly firmly to the polythene surface that in onlv about 1 in 6 slides was there any movement of the film from the polythene during development. Such1 slides could be detected by a wrinkling of the stripping film, and were discarde(l. Cell detail was usually well preserved.
Method III was intended to combine the advanitages of methods I and 1I. Sections were washed and stained, as for method 1I. Then, in a darkroom, they were transferred. in a drop of xylol, on to the surface of microscope sli(les which had previously been covered with stripping film as in method I. The slides were dried, autoradiographed, and then processed as in method I. Sections were mounted in canada balsam under a cover slip. Only 20 % of the sections remained in place during processing when this mlethod was employed.
Ph otomnicrography. Photomicrographs were taken with a Leitz photoniicrograph attachment on Agfa 1FF film. \Vrhen the silver image of the autoradiograph was to be photographed. light for the microscope was passed through a Balzers Filtraflex K3 interference filter (430-530 mu) at a near-maximum condenser opening. Under these conditions, stainied sections were almost invisible, and the image was due to the silver grains of the autoradiograph. When the stained section was to be photographed, light was passed through a Ki (575-700 mu) or K6 (620-710 m,u) filter at a near-minimum condenser opening. OD of the section was then at a maximum; and with the focus on the section most of the image detail was due to the section, not the autoradiograph. Unstained sections were difficult to photograph, though visual observations were possible under phase contrast.
Results
Resolutioni of Detail. The resolution of the autoradiographs was estimated, from the sharpness of the autoradiograph at the margin where the radioactive section met the nonradioactive mounting medium (see fig 4, 5) , by measuring the distance fromli the edge of the section at which the silver grain count of the autoradiograph had fallen to 20 % of that over the section1. WVith mounting methods I and III, resolution was approximately .5 , for 35S in 5 ,u sections; 10 to 15 ,U for 35S in 10~L and X-2P in 5 u sections; and 25 y for 32P in 10 u sections. These values agree with those reported by other workers (4, 11 (fig 32) was the same for phosphate (fig 1) and sulfate (fig 2, 3 rapidly (fig 12) ; but more often, old secondary phloeni (fig 13) or young secondary phloem (fig 14) NAas the most actively accumulating tissue. Somiietimies the cambial tissue accumulated actively (fig 14) , but as a rule accumulation there and in the ray parenchyma was less than in the surrounding tissue (fig 12, 13, 19, ancd fig 12, 13 (fig 12, 13, 21 u lonig (fig 26) . The intensitv of the autoradiograph image was as higlh ovrer the center of the group as in the marginis ( fig  26B) . In high resolutioni autoradiographs (mniethod I, fig 22 and mlethod III, fig 21) recognizable phloem parenchymila cells were associated with an autoradiograph imiiage of average intensity. There was again no indication that anly one of the various parenchyma cell types ever contaiined considerably mlore or conisiderablv less radioactive material than another.
4) WN here areas of sieve tubes la-alongside areas of parenchyma cells, it was found( that the sieve tube area had accumulate(d up to 3 timles as actively as had the adjacent parenchyma areas (fig 26) . OccasioniallV, in high resolutioln autoradiographs of transverse sections, silver grainis were seeni to be locate(d specifically over sieve tubes (fig 22) . (fig 17) . In high resolutionl autoradiographs, acciillulated sulfate-35s was occasionlallv fouInd conIcentratect in the region of the sieve plate (fig 18) . These restilts stuggest that even tltirinig careful freeze-(lrying, the contents of a sieve tulbe caI move towards the sieve plate, possibly through the contractionl during drying of cytoplasmic threads attached to the sieve plate (8, 14) . A concentrating in the region of the sieve plate of tranislocated carbohydrate (12) (7) .
'rhe sieve tubes wvere among the mlost actively accumulating cells; and this has significant implications. Since they vere capable of any accumulationi at all. the sieve tubes must have contained in their volumiie a region completely bounded by a functionial semiiipermeable membrane possessing an accumulatioll mechanism. There is no direct evidenice as to whether this region includes the whole cell contents. or is miierely confined to a peripheral layer. Indirect evidence, including recent structural studies (3.5. 9) . suggests that the wvhole cell is involved. The intensitv of the accumulation process implies that the sieve tubes were capable of considerable metabolic activitv. Such results are not compatible with the sieve tube being a simple conduit. They are in accord wvith recent structural evidence (3, 9) . and with at least 1 recent interpretation of sieve tube structure and function. From stucdies on living cells, Thaine (16) The surrounding parenchyma cells are probably directly involved in the translocatory mechanism too: they are highly active, and in excised sections, their accumulatory behavior appears to be linked to that of the sieve tubes.
The view presented here is that specific salt and sugar accumulation mechanisms are directly involved in the phenomenon of phloem translocation;
and that many of the characteristic features of the translocation process are due to them. (3, 9) . anid the enltire cell volutmle miiay be colntainied iniside a sinigle membrane. the plasmaleniima. If Thainie's (15, 16) (13) very similar to that described for living sieve tubes (8, 15) . All these poinits taken together support an alternative view that sieve tubes may not be unique in their ability to translocate, and that other cell types and perhaps other tissuies may contribute signiificantly to the movenm.ent of metabolites in plaints.
